We examined 1,377 specimens of the yellow sea bream Dentex tumifrons caught by bull trawl in the East China Sea and landed at Nagasaki Fish Market from March 1993 to May 1994, and obtained information about age, growth, and reproduction. Ages were determined by scale readings. The relationship of fork length to scale radius was significantly different in males and females. Rings on the scales formed twice a year, spring and autumn. Growth equations are given for spring and autumn spawned fish and for males and females. It is inferred that the calculated fork lengths at age in the present study were smaller than those reported 30 years ago from the East China Sea, in other words, the growth rate appears to have slowed. From the monthly changes of GSI, spawning is estimated to occur twice a year, in spring and autumn. Egg diameter distribution and histological observations of the ovaries suggest that each fish spawns several times during the spring and the autumn spawning season.
The yellow sea bream Dentex tumifrons is found in the waters south of Chiba Prefecture in the Pacific Ocean and west of Aomori Prefecture in the Japan Sea to the East China Sea and the South China Sea. The fish are distributed mainly along the continental slope in the East China Sea, and most of them are caught by bull trawl in Japan.1) Catch statistics show that the highest catch recorded was 11,520 tons in 1958, and since then the catch has gradually decreased to 2,769 tons in 1992, which is about a quarter of that in 1958. Tokimura2) pointed out that the standing crop has been decreasing and that fishery management proposals in the East China Sea for this species are necessa ry.
Age and growth of the species in the East China Sea have been studied by Oka,3) Tanaka, 4) and Shindo;5) reproductive characteristics by Shindo and Aoyama6) and Oka;7 and sex reversal by Aoyama.8) However, in recent years, no biological study of the species has been made nor have possible changes due to the reduced standing crop been studied. The purpose of the present study is to update knowledge of the biological characteristics of this species, for use in formulating management proposals of the fish ery in the East China Sea.
Materials and Methods
A total of 1,348 specimens of the yellow sea bream were used in the present study. They were caught by bull trawl in the East China Sea and landed at Nagasaki Fish Market from March 1993 to February 1994 and also in May 1994. In April 1994 an additional 29 specimens were caught in the East China Sea by trawl of Nagasaki Maru, Faculty of Fisheries, Nagasaki University. Figure 1 shows the station locations where the present samples were caught by bull trawl.
Ages were determined by scale readings. Scales located on the second line above the lateral line and after the 6th spine of the dorsal fin on the left side of the body were used. They were dried and mounted between two glass slides and viewed with a Nikon Profile Projector at 20 times magnification. The radius of a scale (R) was meas ured from the focus (F) to the periphery and the growth mark size (rn) was measured to the outer margin of each dark zone along both axes (Fig. 2) . Each dark zone was formed in a belt-shape, following to a light zone on the scale (Fig. 2) .
The ovaries were weighed and preserved in 10 percent buffered formalin. Gonadosomatic index (GSI) was calcu lated using the following equation:
where GW is the gonad weight in g and FL is the fork length in mm. After confirming that there was no difference in condition between different portions of ovaries, a sample was taken from the middle part of the left ovary for measurement of the oocyte diameters and for histological observation. Oocyte diameters were measured to the nearest 0.1 mm with a Nikon Profile Projector, eliminating those smaller than 0.1 mm in diameter. Ovary samples for histological observations were prepared using the paraffin method and stained with Delafield haematoxylin and eosin.
Results and Discussion
Age and Growth Figure 3 shows the frequency distribution of fork lengths by sex, and shows that males have several length modes, but females only one length mode. Males ranged from 130 to 320 mm FL, while females were centered around 170 mm FL.
The relationship between the fork length and the scale radius is given separately for sex in Fig. 4 , and shows significant differences (analysis of covariance, p<0.05). The 
Female R=0.0183FL+0.83 (r=0.908)
In a total of 1,131 specimens (male 355 specimens and fe male 776 specimens) we were able to measure the mark sizes. Figure 5 shows the relationship between the scale radius and the mark size for males. cates that the marks are formed twice a year in spring and autumn at an interval of about six months. As will be detailed later, the monthly changes of the gonadosomatic index indicate that the fish have two spawning seasons in April and September, suggesting that two seasonal broods occur, that is, a spring and an autumn brood. Because the marks are formed twice a year as men tioned above, there should be fish with an even or an odd number of marks in each month. As a result, the number of marks on the scale should proceed from even number to odd number, or odd to even in the spring and autumn. Assuming that the marks are formed in March and Septem ber, the fish were classified into spring brood and autumn brood based on the number of marks on the scale.
The length at which marks were formed was determined by back calculation using the mark size (rn) shown in Ta bles I and 2 with equations (1) and (2) . The calculated fork lengths from this and comparative studies are shown in Table 3 .
Plots of FLn+2 against FLn fall on a straight line (Walford's diagram) for each brood and sex (Fig. 7) . FLn and FLn+2 are fork lengths at number of ring n and n+2, re spectively. The relationship and maximum fork lengths for each group are: The fork length at each age was calculated from equa tions (7)-(10) as given in Table 3 . As is clear from Table 3 , males showed a slight variation in growth pattern in both broods, while spring females were larger than autumn fe males. Spring males were smaller than spring females, and autumn males were larger than autumn females.
Comparing these data with those previously reported from the East China Sea, the estimated fork lengths of full age in the present study are larger than those reported by Oka,3) but are the same as those of Tanaka4 and Shindo.5) However, Oka3) and Tanaka4) calculated the fork lengths based on the frequency distribution of fork length, and they did not discriminate between seasonal broods and Table 1 . Average size of 6-monthly scale mark and calculated fork length for males and females of the spring brood Table 2 . Average size of 6-monthly scale mark and calculated fork length for males and females of the autumn brood sex. Shindo5) determined the age using scale readings, and estimated fork lengths at age which were similar to those obtained in the present study. However, he defined the mark position as the mid point of the dark zone on the scale, differing from that of the present study in which the mark position is defined as the outer margin of the dark zone. If the mark position of Shindo5) is shifted from the mid point to the outer margin of the dark zone, Shindo's5) estimate of fork lengths at the same ages becomes larger than those obtained in the present study. Therefore, we conclude that the fork lengths of full age in the present study are smaller than those reported from the East China Sea about 30 years ago.5)
Gonadosomatic Index and Spawning Season
Gonadosomatic index was calculated to estimate the spawning season of the fish. From the monthly changes of the average gonadosomatic index from March 1993 to February 1994, it was estimated that the spawning season of the fish in the East China Sea occurs twice a year, once in spring and again in autumn. Figure 8 shows the monthly changes of the average gonadosomatic indexes in spring and autumn broods. The female indexes of both broods were low in July and August 1993 and again from Septem ber to November 1993. Therefore, this indicates that the spawning season occurs twice a year for both spring and autumn spawned fish.
Oka7) stated that the spawning season of the fish in the southern area of the East China Sea was from June to Sep tember, while in the northern area of the East China Sea it was from October to December. Shindo 
Sex Ratio
We examined the sex ratio of 1,135 specimens (563 speci mens of the spring brood and 572 specimens of the au tumn brood) landed from March 1993 to February 1994. The sex ratio of both broods shows a certain tendency, which is biased to females until age 2, and to males thereafter (Table 4) . We found five 2-year-old and two 3-year old hermaphroditic specimens in the present collection, which appeared to be reversing sexually from female to male. As a result, we concluded that the sex reversal from female to male occurred at the age 2 to 3.
Aoyama8)found
that the yellow sea bream showed protogyny, and Shindo5) reported that sex reversal from fe male to male was observed at about age 4. Thus, the sex reversal ages of the present samples were observed at ages earlier than those observed about 30 years ago.5) This may indicate that the compensation of the male fish for the spawning population due to high fishing intensity for the male in recent decrease of the standing crop. Table 4 .
Sex ratios for each seasonal brood
Maturation of Oocytes
The maturation process of oocytes was examined from the frequency distribution of the diameter and from histological observations of oocytes. We adopted the stages defined by Sato9) and classified the maturation conditions into the following 5 phases (Table 5 ).
Phase I: Oocytes are smaller than 0.15 mm in diameter, being at the chromatic nucleolus and peripheral nucleolus stages. The oocytes at the peripheral nucleoli stage are stained well with haematoxylin, and a few nucleoli are observed in the nucleus (Figs. 9; 10-1 Phase V: The most advanced oocytes with a mode of around 0.9 mm in diameter reach the migratory nucleus stage. Oocytes ranging from the peripheral nucleolus to the middle yolk globule stages with several modes were observed as well (Figs. 9; 10-5). In some specimens empty fol licle cells and decaying oocytes were observed in the ovary as well as the developing oocytes (Fig. 11) . 12 ). Significant differences in Table 5 . A summary on definition of maturation stages of ovarian oocyte * I -V indicate each maturation stage of the ovary in Fig . 10 . 
Age of Maturation
The yellow sea bream examined here were 289 female specimens (spring brood 145 specimens, autumn brood 144 specimens) landed at Nagasaki Fish Market from April to June and September and October 1993. The relationships between the ages and the frequencies of ma ture specimens for seasonal broods are given in Fig. 13 . This indicates group maturity at any given age. Mature specimens are defined as those with a GSI of more than 1.8 from the preliminary observation of the relationship be tween the gonadosomatic index and females with mature eggs. The rate of mature specimens is calculated from the occurrence of specimens with a GSI of more than 1.8 from all the specimens. Assuming that the 50 percent occurrence of mature specimens is the maturation age, that of spring and autumn broods is at the age of less than 2.0. Shindo5) reported that the maturation age was 2.5 years old. Judging from the above-mentioned observation, the matura- Age in years tion age appears faster than that of about 30 years ago in the East China Sea .5)
